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The present study was aimed at disclosing the distribution of paracervical neu-
rons projecting to the ampulla and isthmus of the porcine oviduct and the
pattern(s) of co-existence of tyrosine hydroxylase (TH), dopamine b-hydroxylase
(DbH), neuropeptide Y (NPY), substance P (SP), calcitonin gene-related peptide
(CGRP) and nitric oxide synthase (NOS) within these nerve cell bodies. The fluo-
rescent retrograde tracer Fast Blue (FB) was injected into the wall of the ampullar
(n = 3) and isthmal (n = 3) part of the organ in six sexually immature female
pigs. After a survival period of three weeks paracervical ganglia (PCG) were col-
lected. 10 µm-thick cryostat sections of the ganglia were examined for the pres-
ence of FB-positive (FB+) nerve cells under the fluorescent microscope. Tracered
neurons were counted in every third section and processed for double-labelling
immunofluorescence according to the method of Wessendorf and Elde. 78.6%
of FB+ neurons were projecting to the isthmus while 21.4% of the studied pop-
ulation innervated the ampulla of the oviduct. Double-labelling immunofluores-
cence revealed the existence of the following different chemically coded sub-
populations of the studied perikarya: TH+/DbH+, TH+/NPY+, TH+/NOS+, TH+/
NOS, SP/NOS+, SP+/CGRP+.
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INTRODUCTION
The afferent and efferent innervation of genital or-
gans in small laboratory animals have been relative-
ly well studied. However, the origin of nerve fibres
supplying reproductive organs in breeding animals
has not been studied thoroughly [59, 3234]. The
investigations performed in breeding animals in-
volved extirpations of fragments of the reproduc-
tive organs, which allowed for the detection of nerve
centres including those localised in pelvic ganglia
contributing to the innervation of the removed seg-
ments of the organs. Although previous studies have
revealed that some nerve fibres supplying the por-
cine oviduct may be of PCG origin [32, 33], the neu-
rochemical nature of their perikarya is still obscure.
Application of the retrograde tracing method is com-
monly considered to be one of the most advanced
and precise approaches in localising specific neuronal
populations supplying any particular organ under
study. However, the information dealing with sourc-
es of nerve fibres supplying the oviduct based upon
the tracing method is very limited. On the other hand,
comprehensive retrograde tracing investigations
were performed in other female genital organs in-
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cluding guinea pig [1], pig [31], rat [12, 25] and cat
[14] uterus as well as on the rat [12, 21] and pig [19,
20] ovary. It has been found that PCG neurons con-
tain different combinations of biologically active
substances and belong to the noradrenergic [18, 23,
26, 30], cholinergic [17, 2628, 30] or non-adrener-
gic non-cholinergic (NANC) [10, 15, 23, 29] neuro-
chemical populations. However, there is a paucity of
data dealing with the origin and immunohistochem-
ical nature of PCG neurons supplying the porcine
oviduct.
Therefore, by means of combined retrograde trac-
ing and double-labelling immunofluorescence [35],
the present study was aimed at disclosing the distri-
bution of oviductal PCG neurons and the pattern
of putative co-existence of TH, DbH, NPY, SP, CGRP
and NOS within these nerve cell bodies.
MATERIALS AND METHODS
The experiment was performed on six sexually im-
mature female pigs of the Great Polish breed, about
15 kg of body weight (b.w.), obtained from a com-
mercial fattening farm. The animals were kept un-
der standard laboratory conditions. Thirty minutes
before the main anaesthetic was given, all the ani-
mals were pre-treated with atropine (Polfa, Poland;
0.04 mg/kg b.w., s.c.) and propionyl-promasine
(Combelen, Bayer, Germany; 0.4 mg/kg b.w., i.m.).
The main anaesthetic, sodium pentobarbital (Vetb-
utal, Biovet, Poland; 30 mg/kg b.w.), was given in-
travenously. During laparotomy the right oviduct was
gently removed from surrounding tissues and the
fluorescent retrograde tracer Fast Blue (FB; Dr. K.
Illing GmbH, Grob-Umstadt, Germany) was injected
into the wall of the ampullar (n = 3) and the isthmal
(n = 3) part of the organ. A total volume of 10 µl of
FB was injected into each part of the oviduct using a
Hamilton syringe. Particular care was taken to mini-
mise the contamination with the dye of adjacent tis-
sues by washing the pelvic organs thoroughly with
isotonic saline after each injection. No leakage from
injection sites was visible, either immediately after
the injection or just prior to closing the abdomen.
After a survival period of three weeks the animals
were deeply reanaesthetised (following the same
procedure as applied before the laparotomies) and
perfused transcardially with 4% paraformaldehyde
in 0.1 M phosphate buffer (pH 7.4). Both oviducts
and PCG were collected. All the tissue specimens were
postfixed overnight by immersion in 4% paraform-
aldehyde in 0.1 M phosphate buffer (pH 7.4) and
then stored at 4°C in 0.1 M phosphate buffer con-
taining 18% sucrose and 0.01% NaN3 until sectioning.
10 µm-thick cryostat sections of the organs were pro-
cessed for double-labelling immunofluorescence
according to the method of Wessendorf and Elde
[35]. Primary and secondary antisera used are listed
in Table 1. The following combinations of the prima-
ry antisera were applied: TH/DbH, TH/NPY, TH/NOS,
SP/NOS, SP/CGRP. The specificity of the primary anti-
sera was tested by the preabsorption control. 1 mM
concentration of the respective peptide completely
abolished the fluorescence. There was also no im-
munostaining when primary antisera were omitted
or replaced by a normal rabbit, rat or mouse serum.
FB-positive (FB+) neurons were counted in every third
section. This strategy eliminated the likelihood of
counting the same neuron twice. The labelled sec-
tions were studied and photographed with a Zeiss-
Axiophot microscope, equipped with epi-illumina-
tion fluorescence and an appropriate filter set for
Texas Red and fluoresceine izothiocyanate (FITC).
In the experiments, the principles of laboratory
care as well as the specific national laws on the pro-
tection of animals were followed.
RESULTS
Results of the present study show that 78.6% of FB+
neurons were projecting to the isthmus while 21.4%
of the studied population innervated the ampulla of
the oviduct. Those perikarya were located mainly in
the cranial and medial parts of the studied ganglia.
Table 1. Antisera used in the study
Antigen Species Code Dilution Supplier
Primary antisera
TH mouse 1017381 1:40 Boehringer
DbH rabbit TE103 1:400 ETI
NPY rabbit RPN1702 1:500 Amersham
NOS rabbit 1:1000 B. Mayer
SP rat 1021 1:200 Medicorp
CGRP rabbit RPN1842 1:800 Amersham
Secondary antisera and fluorochromes
FITC-conjugated mouse anti-rabbit IgG 1:400 Cappel
FITC-conjugated rabbit anti-mouse IgG 1:400 Cappel
FITC-conjugated rabbit anti-rat IgG 1:400 Cappel
Biotynylated mouse anti-rabbit IgG 1:100 Cappel
Biotynylated rabbit anti-mouse IgG 1:100 Cappel
Biotynylated rabbit anti-rat IgG 1:100 Cappel
Texas Red-conjugated streptavidin 1:100 Amersham
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In the cranial part of PCG, FB+ neurons formed
groups containing 35 cells while in the medial part
of the ganglion tracered neurons were irregularly
dispersed. FB+ neurons represented two different size
populations. The first one was formed by small cells
with a diameter (in the case of oval perikarya the
long axis) between 2033 mm. As regards the shape
of the neurons, the most numerous were oval neu-
rons (about 70%), round cells composed about 20%
of this population, and approximately 10% of cells
were fusiform in shape. The second population was
formed by large perikarya with a diameter of 4050 mm,
which were oval (about 60%) or round (about 40%)
in shape. Double-labelling immunofluorescence re-
vealed the existence of the following different chemi-
cally coded subpopulations of studied perikarya: FB+/
TH+/NOS (Fig. 1ac), FB+/SP/NOS+ (Fig. 2ac), FB+/
TH+/DbH+ (Fig. 3ac), FB+/TH+/NPY+ (Fig. 4ac), FB+/
TH+/NOS+ (Fig. 5ac), FB+/SP+/CGRP+ (Fig. 6ac).
After analysing the content of TH and DbH with-
in the studied neurons, it was found that about 70%
of FB+ cells represented noradrenergic population
while 30% of the studied neurons had non-noradr-
energic characteristics. Noradrenergic neurons were
located mainly in the cranial part of the ganglion
while the non-noradrenergic were concentrated in
the medial part of PCG.
DISCUSSION
Based on the preparation studies made in man [4,
16] and rat [2, 3], it can be postulated that the pel-
vic neurons participate in the innervation of the re-
productive organs. The above hypothesis was con-
firmed by extirpation method [7, 32, 33] as well as
by retrograde tracing [20, 31]. Results of the present
study also showed that the porcine oviduct is inner-
vated by the pelvic neurons. FB+ neurons innervat-
ing both ampulla and isthmus of the oviduct were
located in the PCG. Distribution of the studied neu-
rons did not show somatotopic organisation. PCG
have been found to be the place of origin for so
called short adrenergic neurons [for review see 24],
due to their close localisation to effector organ struc-
tures. Furthermore, PCG have been recognized as
providing most of the autonomic nerve supply to
the pelvic urogenital and distal bowel organs [11, 13].
The porcine PCG has appeared to be a mixed au-
tonomic ganglion consisting of both adrenergic
neurons, containing catecholamine-synthesing en-
zymes (TH and DbH) and non-adrenergic nerve cells.
The vast majority of FB+ neurons belonged to the
population of adrenergic neurons, which may sug- Figure 1ac. Group of small and round or oval in shape FB+/TH+/
NOS neurons located in cranial part of PCG. Scale bar  50 mm.
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Figure 2ac. The large and oval FB+/SP/NOS+ neuron (arrow)
located in cranial part of PCG. Scale bar  50 mm.
Figure 3ac. The large and round FB+/TH+/DbH+ neuron locat-
ed in cranial part of PCG. Scale bar  50 mm.
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Figure 4ac. The medium sized and oval in shape FB+/TH+/NPY+
neuron (arrow) located in median part of PCG. Scale bar  50 mm.
Figure 5ac. The large FB+/TH+/NOS+ (arrow) located in medi-
an part of PCG. Scale bar  50 mm.
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Figure 6ac. Two large and fusiform in shape FB+/SP+/CGRP+ neu-
rons (arrowheads) located in caudal part of PCG. Scale bar  50 mm.
gest the presence of short adrenergic neurons in-
nervating the porcine oviduct. Based on the fact that
chemical coding of FB+ localised in PCG (TH+/DbH+,
TH+/NPY+, TH+/NOS+) and perivascular nerve fibres
in the oviduct are very similar, it is possible that short
adrenergic neurons of this ganglion control the
vasoactive activity of the oviduct. We have also found
that non-noradrenergic FB+ neurons localised in PCG
contain CGRP and/or SP, therefore this ganglion
should also be considered as a prominent source of
cholinergic innervation to the oviduct in the pig.
Because similar coded pelvic neurons in the guinea
pig have been described as a source of perivascular
nerve fibres inhibiting contraction of blood vessels
[22], the non-noradrenergic axons in the pig (puta-
tive cholinergic) may be agonists for the perivas-
cular noradrenergic terminals originating from the
sympathetic ganglia or PCG. This population of no-
radrenergic neurons was located mainly in the cra-
nial part of the ganglion, while the non-noradrener-
gic perikarya innervating the oviduct were concen-
trated in the medial part of PCG. Similar models of
distribution of the above-mentioned neuronal pop-
ulations localised in PCG were observed in other
mammalian species [15]. This fact proclaims the
morphological organisation of PCG neurons with
respect to their functions.
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